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Lq Jludlwlv/ Urelqvrq/ dqg Vdpdury +4<<:,/ zh kdyh vkrzq wkdw wkh rswlpdo udwh iru phpru|
sdudphwhu hvwlpdwruv lq vhplsdudphwulf orqj phpru| prghov zlwk ghjuhh ri *orfdo vprrwkqhvv* ￿ lv
q￿u+￿,/ u+￿,@￿@+5￿.4,/ dqg wkdw d orj0shulrgrjudp uhjuhvvlrq hvwlpdwru +d prgl￿hg Jhzhnh dqg
Sruwhu0Kxgdn +4<;6, hvwlpdwru, zlwk pd{lpxp iuhtxhqf| p @ p+￿, ￿ q5u+￿, lv udwh rswlpdo1 Wkh
txhvwlrq zklfk zh dgguhvv lq wklv sdshu lv zkdw lv wkh ehvw rewdlqdeoh udwh zkhq ￿ lv xqnqrzq/ vr
wkdw hvwlpdwruv fdqqrw ghshqg rq ￿1 Zh rewdlq d orzhu erxqg iru wkh dv|pswrwlf txdgudwlf ulvn ri
dq| vxfk dgdswlyh hvwlpdwru/ zklfk wxuqv rxw wr eh odujhu wkdq wkh rswlpdo qrqdgdswlyh udwh q￿u+￿,
e| d orjdulwkplf idfwru1 Zh wkhq frqvlghu d prgl￿hg orj0shulrgrjudp uhjuhvvlrq hvwlpdwru edvhg
rq wdshuhg gdwd dqg zlwk d gdwd0ghshqghqw pd{lpxp iuhtxhqf| p @ p+a ￿,/ zklfk ghshqgv rq dq
dgdswlyho| fkrvhq hvwlpdwru a ￿ ri ￿/ dqg vkrz/ xvlqj phwkrgv sursrvhg e| Ohsvnll +4<<3, lq dqrwkhu
frqwh{w/ wkdw wklv hvwlpdwru dwwdlqv wkh orzhu erxqg xs wr d orjdulwkplf idfwru1 Rq rqh kdqg/ wklv
phdqv wkdw wklv hvwlpdwru kdv qhduo| rswlpdo udwh dprqj doo dgdswlyh +iuhh iurp ￿, hvwlpdwruv/ dqg/
rq wkh rwkhu kdqg/ lw vkrzv qhdu rswlpdolw| ri rxu gdwd0ghshqghqw fkrlfh ri wkh udwh ri wkh pd{lpxp
iuhtxhqf| iru wkh prgl￿hg orj0shulrgrjudp uhjuhvvlrq hvwlpdwru1 Wkh surriv frqwdlq uhvxowv zklfk
duh dovr ri lqghshqghqw lqwhuhvw= rqh uhvxow vkrzv wkdw gdwd wdshulqj jlyhv d vljql￿fdqw lpsuryhphqw
lq dv|pswrwlf surshuwlhv ri fryduldqfhv ri glvfuhwh Irxulhu wudqvirupv ri orqj phpru| wlph vhulhv/
zkloh dqrwkhu jlyhv dq h{srqhqwldo lqhtxdolw| iru wkh prgl￿hg orj0shulrgrjudp uhjuhvvlrq hvwlpdwru1
Nh|zrugv= Orqj udqjh ghshqghqfh> vhplsdudphwulf prgho> udwhv ri frqyhujhqfh>
dgdswlyh edqgzlgwk vhohfwlrq1
MHO fodvvl￿fdwlrq qrv= F461
f ￿ e| wkh dxwkruv1 Doo uljkwv uhvhuyhg1 Vkruw vhfwlrqv ri wh{w/ qrw wr h{fhhg wzr sdudjudskv/
pd| eh txrwhg zlwkrxw h{solflw shuplvvlrq surylghg wkdw ixoo fuhglw/ lqfoxglqj f ￿ qrwlfh/
lv jlyhq wr wkh vrxufh1
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t
i
o
n
o
f
o
u
r
e
s
t
i
m
a
t
o
r
i
s
a
d
a
t
a
-
d
e
p
e
n
d
e
n
t
s
e
l
e
c
t
i
o
n
o
f
t
h
e
m
a
x
-
i
m
u
m
f
r
e
q
u
e
n
c
y
u
s
e
d
,
m
=
m
(
^
￿
)
,
w
h
i
c
h
d
e
p
e
n
d
s
o
n
a
n
a
d
a
p
t
i
v
e
l
y
c
h
o
s
e
n
^
￿
,
o
b
t
a
i
n
e
d
u
s
i
n
g
a
m
o
d
i
￿
c
a
t
i
o
n
o
f
t
h
e
p
r
o
c
e
d
u
r
e
p
r
o
p
o
s
e
d
b
y
L
e
p
s
k
i
i
(
1
9
9
0
)
i
n
a
d
i
￿
e
r
e
n
t
n
o
n
p
a
r
a
m
e
t
r
i
c
s
e
t
t
i
n
g
.
I
n
-
f
o
r
m
a
l
l
y
,
^
￿
i
s
d
e
￿
n
e
d
a
s
t
h
e
l
a
r
g
e
s
t
￿
f
o
r
w
h
i
c
h
t
h
e
l
o
g
-
p
e
r
i
o
d
o
g
r
a
m
r
e
g
r
e
s
s
i
o
n
e
s
t
i
m
a
t
o
r
u
s
i
n
g
m
=
m
(
￿
)
i
s
n
o
t
s
i
g
n
i
￿
c
a
n
t
l
y
d
i
￿
e
r
e
n
t
f
r
o
m
a
l
l
s
u
c
h
e
s
t
i
m
a
t
o
r
s
u
s
i
n
g
m
(
￿
)
,
￿
<
￿
.
T
h
e
p
r
o
c
e
-
d
u
r
e
c
a
n
b
e
a
l
s
o
i
n
t
e
r
p
r
e
t
e
d
b
y
g
r
a
p
h
i
n
g
t
h
e
e
s
t
i
m
a
t
o
r
v
e
r
s
u
s
a
g
r
i
d
o
f
v
a
l
u
e
s
o
f
￿
t
o
g
e
t
h
e
r
w
i
t
h
a
v
a
r
i
a
b
l
e
-
w
i
d
t
h
b
a
n
d
a
r
o
u
n
d
i
t
:
^
￿
i
s
c
h
o
s
e
n
a
s
t
h
e
l
a
r
g
e
s
t
￿
o
n
t
h
e
g
r
i
d
f
o
r
w
h
i
c
h
t
h
e
c
o
r
r
e
s
p
o
n
d
i
n
g
e
s
t
i
m
a
t
o
r
s
t
a
y
s
w
i
t
h
i
n
t
h
e
b
a
n
d
f
o
r
a
l
l
￿
<
￿
.
S
e
e
(
3
.
6
)
-
(
3
.
8
)
b
e
l
o
w
f
o
r
t
h
e
p
r
e
c
i
s
e
d
e
￿
n
i
t
i
o
n
.
T
h
e
m
e
m
o
r
y
p
a
r
a
m
e
t
e
r
e
s
t
i
m
a
t
o
r
c
o
n
s
i
d
e
r
e
d
i
n
S
e
c
t
i
o
n
3
a
c
h
i
e
v
e
s
n
e
a
r
l
y
o
p
t
i
m
a
l
r
a
t
e
o
f
c
o
n
v
e
r
-
g
e
n
c
e
i
n
t
h
e
c
l
a
s
s
F
(
￿
;
C
1
;
C
2
;
￿
)
.
C
l
e
a
r
l
y
,
F
(
￿
;
C
1
;
C
2
;
￿
)
i
n
c
l
u
d
e
s
a
l
l
c
l
a
s
s
e
s
F
(
￿
0
;
C
1
;
C
2
;
￿
)
,
￿
0
￿
￿
.
T
h
e
r
e
f
o
r
e
i
f
a
p
a
r
t
i
c
u
l
a
r
d
e
n
s
i
t
y
f
b
e
l
o
n
g
s
t
o
F
(
￿
0
;
C
1
;
C
2
;
￿
)
\
F
(
￿
;
C
1
;
C
2
;
￿
)
,
t
h
e
r
a
t
e
o
f
c
o
n
v
e
r
g
e
n
c
e
o
f
t
h
e
e
s
t
i
m
a
t
o
r
w
i
l
l
b
e
d
e
t
e
r
m
i
n
e
d
b
y
￿
0
,
a
n
d
i
t
w
i
l
l
b
e
b
e
t
t
e
r
t
h
a
n
i
n
c
a
s
e
o
f
f
2
F
(
￿
;
C
1
;
C
2
;
￿
)
s
u
c
h
t
h
a
t
f
=
2
F
(
￿
0
;
C
1
;
C
2
;
￿
)
w
h
e
n
￿
0
>
￿
.
S
u
m
m
a
r
i
s
i
n
g
,
i
n
t
h
e
c
a
s
e
o
f
a
p
a
r
t
i
c
u
l
a
r
d
e
n
s
i
t
y
f
t
h
e
r
a
t
e
o
f
c
o
n
v
e
r
g
e
n
c
e
i
s
d
e
t
e
r
m
i
n
e
d
b
y
t
h
e
l
a
r
g
e
s
t
￿
f
o
r
w
h
i
c
h
t
h
e
i
n
e
q
u
a
l
i
t
y
i
n
(
1
.
2
)
h
o
l
d
s
.
I
n
S
e
c
t
i
o
n
3
w
e
s
h
o
w
t
h
a
t
o
u
r
a
d
a
p
t
i
v
e
e
s
t
i
m
a
t
o
r
a
t
t
a
i
n
s
t
h
e
l
o
w
e
r
b
o
u
n
d
o
b
t
a
i
n
e
d
i
n
S
e
c
t
i
o
n
2
u
p
t
o
a
l
o
g
a
r
i
t
h
m
i
c
f
a
c
t
o
r
.
T
h
i
s
m
e
a
n
s
,
o
n
o
n
e
h
a
n
d
,
t
h
a
t
t
h
i
s
e
s
t
i
m
a
t
o
r
i
s
n
e
a
r
l
y
r
a
t
e
-
o
p
t
i
m
a
l
a
m
o
n
g
a
l
l
p
o
s
s
i
b
l
e
a
d
a
p
t
i
v
e
e
s
t
i
m
a
t
o
r
s
,
a
n
d
,
o
n
t
h
e
o
t
h
e
r
h
a
n
d
,
t
h
a
t
o
u
r
d
a
t
a
-
d
e
p
e
n
d
e
n
t
c
h
o
i
c
e
o
f
m
i
s
a
l
s
o
n
e
a
r
l
y
o
p
t
i
m
a
l
f
o
r
t
h
e
l
o
g
-
p
e
r
i
o
d
o
g
r
a
m
r
e
g
r
e
s
s
i
o
n
e
s
t
i
m
a
t
o
r
.
T
h
e
t
e
c
h
n
i
q
u
e
o
f
t
h
e
p
r
o
o
f
,
t
h
e
i
d
e
a
o
f
w
h
i
c
h
a
l
s
o
c
o
m
e
s
f
r
o
m
L
e
p
s
k
i
i
(
1
9
9
0
)
,
r
e
q
u
i
r
e
s
o
n
e
t
o
a
s
s
u
m
e
t
h
a
t
t
h
o
u
g
h
u
n
k
n
o
w
n
￿
d
o
e
s
n
o
t
e
x
c
e
e
d
a
k
n
o
w
n
￿
n
i
t
e
m
a
x
i
m
u
m
v
a
l
u
e
￿
￿
2
(
0
;
1
)
.
2
L
o
w
e
r
b
o
u
n
d
T
h
i
s
s
e
c
t
i
o
n
i
s
d
e
v
o
t
e
d
t
o
e
s
t
a
b
l
i
s
h
i
n
g
t
h
e
f
o
l
l
o
w
i
n
g
l
o
w
e
r
b
o
u
n
d
.
T
h
e
o
r
e
m
2
.
1
U
n
i
f
o
r
m
l
y
i
n
￿
￿
￿
￿
,
t
h
e
s
e
q
u
e
n
c
e
f
￿
n
(
￿
)
=
(
l
o
g
n
=
n
)
r
(
￿
)
g
g
i
v
e
s
t
h
e
l
o
w
e
r
b
o
u
n
d
t
o
t
h
e
a
s
y
m
p
t
o
t
i
c
m
i
n
i
m
a
x
r
i
s
k
f
o
r
t
h
e
c
l
a
s
s
F
(
￿
)
=
F
(
￿
;
C
1
;
C
2
;
￿
)
,
￿
￿
￿
￿
,
t
h
a
t
i
s
f
o
r
s
o
m
e
C
>
0
l
i
m
i
n
f
n
!
1
i
n
f
~
￿
s
u
p
￿
￿
￿
￿
￿
￿
2
n
(
￿
)
R
n
(
~
￿
;
F
(
￿
)
)
￿
C
:
(
2
.
1
)
P
r
o
o
f
o
f
T
h
e
o
r
e
m
2
.
1
:
L
e
t
0
<
￿
1
<
￿
2
￿
￿
￿
.
A
s
i
n
G
R
S
(
s
e
e
a
l
s
o
H
a
l
l
a
n
d
W
e
l
s
h
(
1
9
8
4
)
)
,
l
e
t
f
0
(
￿
)
=
1
;
￿
2
[
￿
￿
;
￿
]
,
b
e
t
h
e
s
p
e
c
t
r
a
l
d
e
n
s
i
t
y
o
f
w
h
i
t
e
n
o
i
s
e
,
a
n
d
d
e
￿
n
e
a
s
e
q
u
e
n
c
e
o
f
’
p
e
r
t
u
r
b
e
d
’
s
p
e
c
t
r
a
l
d
e
n
s
i
t
i
e
s
f
n
(
￿
)
e
x
a
c
t
l
y
a
s
i
n
f
o
r
m
u
l
a
e
(
2
.
3
)
-
(
2
.
5
)
i
n
G
R
S
b
u
t
w
i
t
h
￿
n
=
(
￿
l
o
g
n
)
=
n
)
1
=
(
2
￿
1
+
1
)
,
w
h
e
r
e
￿
>
0
w
i
l
l
b
e
c
h
o
s
e
n
l
a
t
e
r
.
W
e
h
a
v
e
￿
(
f
0
)
=
0
a
n
d
￿
(
f
n
)
=
￿
￿
￿
1
n
=
￿
￿
n
(
￿
1
)
;
(
2
.
2
)
3w
i
t
h
￿
=
￿
￿
￿
1
=
(
2
￿
1
+
1
)
,
f
o
r
s
o
m
e
￿
>
0
.
C
l
e
a
r
l
y
,
f
0
2
F
(
￿
2
;
C
1
;
C
2
)
.
T
h
e
f
o
l
l
o
w
i
n
g
t
w
o
l
e
m
m
a
s
a
r
e
p
r
o
v
e
d
e
x
a
c
t
l
y
a
s
i
n
G
R
S
.
L
e
m
m
a
2
.
1
F
o
r
a
l
l
s
u
￿
c
i
e
n
t
l
y
l
a
r
g
e
n
,
(
i
)
f
n
2
F
(
￿
1
;
C
1
;
C
2
)
a
n
d
(
i
i
)
R
￿
￿
￿
(
f
n
(
￿
)
￿
f
0
(
￿
)
)
2
d
￿
￿
K
￿
l
o
g
n
=
n
f
o
r
s
o
m
e
c
o
n
s
t
a
n
t
K
>
0
.
A
s
i
n
G
R
S
,
d
e
n
o
t
e
b
y
P
n
a
n
d
P
0
t
h
e
p
r
o
b
a
b
i
l
i
t
y
m
e
a
s
u
r
e
s
o
n
R
n
g
e
n
e
r
a
t
e
d
b
y
n
o
b
s
e
r
v
a
t
i
o
n
s
X
=
(
X
1
;
:
:
:
;
X
n
)
o
f
t
h
e
G
a
u
s
s
i
a
n
s
t
a
t
i
o
n
a
r
y
s
e
q
u
e
n
c
e
w
i
t
h
t
h
e
s
a
m
e
m
e
a
n
￿
a
n
d
s
p
e
c
t
r
a
l
d
e
n
s
i
t
i
e
s
f
n
a
n
d
f
0
r
e
s
p
e
c
t
i
v
e
l
y
,
d
e
n
o
t
e
b
y
E
n
a
n
d
E
0
t
h
e
c
o
r
r
e
s
p
o
n
d
i
n
g
e
x
p
e
c
t
a
t
i
o
n
s
,
a
n
d
b
y
￿
n
=
l
o
g
d
P
n
d
P
0
(
X
)
t
h
e
l
o
g
l
i
k
e
l
i
h
o
o
d
r
a
t
i
o
.
L
e
m
m
a
2
.
2
T
h
e
r
e
e
x
i
s
t
￿
n
i
t
e
p
o
s
i
t
i
v
e
c
o
n
s
t
a
n
t
s
K
1
a
n
d
K
2
s
u
c
h
t
h
a
t
f
o
r
a
l
l
s
u
￿
c
i
e
n
t
l
y
l
a
r
g
e
n
(
i
)
m
n
:
=
E
n
￿
n
￿
K
1
￿
l
o
g
n
;
(
i
i
)
￿
2
n
:
=
E
n
(
￿
n
￿
m
n
)
2
￿
K
2
￿
l
o
g
n
:
F
r
o
m
L
e
m
m
a
s
2
.
1
a
n
d
2
.
2
,
w
e
h
a
v
e
,
a
s
i
n
(
2
.
6
)
i
n
G
R
S
,
t
h
a
t
f
o
r
a
n
y
e
v
e
n
t
A
a
n
d
a
n
y
a
>
0
P
n
f
A
g
￿
e
a
P
0
f
A
g
+
M
l
o
g
2
n
a
2
;
(
2
.
3
)
w
i
t
h
M
=
(
￿
K
1
)
2
+
￿
K
2
:
(
2
.
4
)
D
e
n
o
t
i
n
g
T
n
=
￿
￿
1
n
(
￿
1
)
~
￿
,
w
e
h
a
v
e
,
u
s
i
n
g
(
2
.
2
)
,
f
o
r
a
n
y
￿
>
0
s
u
p
￿
￿
￿
￿
￿
￿
2
n
(
￿
)
R
n
(
~
￿
;
F
(
￿
)
)
￿
1
2
f
E
0
[
￿
￿
1
n
(
￿
2
)
(
~
￿
￿
￿
(
f
0
)
)
]
2
+
E
n
[
￿
￿
1
n
(
￿
1
)
(
~
￿
￿
￿
(
f
n
)
)
]
2
g
￿
￿
2
2
[
￿
￿
1
n
(
￿
2
)
￿
n
(
￿
1
)
]
2
P
0
f
j
T
n
j
￿
￿
g
+
1
2
E
n
[
(
T
n
￿
￿
)
2
1
f
j
T
n
j
<
￿
g
]
:
U
s
i
n
g
n
o
w
(
2
.
3
)
a
n
d
c
h
o
o
s
i
n
g
￿
<
￿
=
2
a
n
d
a
=
l
o
g
(
[
￿
￿
1
n
(
￿
2
)
￿
n
(
￿
1
)
]
2
)
;
(
2
.
5
)
w
e
￿
n
d
t
h
a
t
s
u
p
￿
￿
￿
￿
￿
￿
2
n
(
￿
)
R
n
(
~
￿
;
F
(
￿
)
)
i
s
l
o
w
e
r
-
b
o
u
n
d
e
d
b
y
￿
2
2
[
￿
￿
1
n
(
￿
2
)
￿
n
(
￿
1
)
]
2
e
x
p
(
￿
a
)
[
P
n
f
j
T
n
j
￿
￿
g
￿
M
l
o
g
2
n
a
2
]
+
1
2
(
￿
￿
￿
)
2
P
n
f
j
T
n
j
<
￿
g
￿
1
2
m
i
n
f
￿
2
;
(
￿
￿
￿
)
2
g
￿
￿
2
2
M
l
o
g
2
n
a
2
￿
￿
2
2
(
1
￿
M
l
o
g
2
n
a
2
)
:
U
s
i
n
g
n
o
w
(
2
.
4
)
a
n
d
t
h
e
f
a
c
t
t
h
a
t
a
,
a
s
d
e
￿
n
e
d
i
n
(
2
.
5
)
,
s
a
t
i
s
￿
e
s
f
o
r
a
l
l
l
a
r
g
e
e
n
o
u
g
h
n
t
h
e
i
n
e
q
u
a
l
i
t
y
a
￿
D
l
o
g
n
w
i
t
h
D
=
￿
2
￿
￿
1
(
2
￿
1
+
1
)
(
2
￿
2
+
1
)
,
t
h
e
l
a
s
t
e
x
p
r
e
s
s
i
o
n
i
s
l
o
w
e
r
-
b
o
u
n
d
e
d
b
y
￿
2
2
(
1
￿
(
(
￿
K
1
)
2
+
￿
K
2
)
D
2
)
￿
￿
2
4
;
o
n
c
h
o
o
s
i
n
g
0
<
￿
<
(
K
2
2
+
2
K
2
1
D
2
)
1
=
2
￿
K
2
2
K
2
1
.
2
43
U
p
p
e
r
b
o
u
n
d
.
I
n
t
h
i
s
s
e
c
t
i
o
n
w
e
e
s
t
a
b
l
i
s
h
a
n
u
p
p
e
r
b
o
u
n
d
f
o
r
a
d
a
p
t
i
v
e
e
s
t
i
m
a
t
i
o
n
,
a
n
d
p
r
e
s
e
n
t
a
n
e
s
t
i
m
a
t
o
r
w
h
i
c
h
a
t
t
a
i
n
s
i
t
.
T
o
d
e
￿
n
e
o
u
r
a
d
a
p
t
i
v
e
e
s
t
i
m
a
t
o
r
w
e
e
m
p
l
o
y
a
f
u
r
t
h
e
r
m
o
d
i
￿
c
a
t
i
o
n
o
f
t
h
e
G
P
H
e
s
t
i
m
a
t
o
r
b
e
y
o
n
d
t
h
a
t
p
r
o
p
o
s
e
d
i
n
R
o
b
i
n
s
o
n
(
1
9
9
5
a
)
a
n
d
G
R
S
,
b
y
u
s
i
n
g
a
t
a
p
e
r
e
d
d
i
s
c
r
e
t
e
F
o
u
r
i
e
r
t
r
a
n
s
f
o
r
m
(
D
F
T
)
,
a
s
d
o
H
u
r
v
i
c
h
a
n
d
R
a
y
(
1
9
9
5
)
,
V
e
l
a
s
c
o
(
1
9
9
8
a
,
b
)
i
n
a
s
i
m
i
l
a
r
c
o
n
t
e
x
t
.
L
e
t
w
h
(
￿
)
=
(
2
￿
n
X
t
=
1
h
2
t
)
￿
1
=
2
n
X
t
=
1
h
t
X
t
e
i
￿
t
;
(
3
.
1
)
w
h
e
r
e
t
h
e
s
e
q
u
e
n
c
e
h
t
i
s
g
i
v
e
n
b
y
t
h
e
c
o
s
i
n
e
-
b
e
l
l
t
a
p
e
r
h
t
=
1
2
(
1
￿
c
o
s
￿
t
)
;
t
=
1
;
:
:
:
;
n
;
(
3
.
2
)
f
o
r
￿
t
=
2
￿
t
=
n
.
D
e
￿
n
e
^
￿
m
=
￿
P
j
2
I
(
m
)
￿
j
l
o
g
I
h
(
￿
j
)
P
j
2
I
(
m
)
￿
2
j
;
(
3
.
3
)
w
h
e
r
e
￿
j
=
l
o
g
j
￿
1
p
X
k
2
I
(
m
)
l
o
g
k
;
I
h
(
￿
)
=
j
w
h
(
￿
)
j
2
a
n
d
t
h
e
s
u
m
P
j
2
I
(
m
)
i
s
t
a
k
e
n
o
v
e
r
I
(
m
)
=
f
j
:
j
=
l
+
3
k
;
k
=
1
;
:
:
:
;
p
g
,
w
h
e
r
e
p
=
[
(
m
￿
l
)
=
3
]
,
(
[
a
]
i
s
t
h
e
i
n
t
e
g
e
r
p
a
r
t
o
f
a
)
.
(
I
n
t
h
e
e
x
p
r
e
s
s
i
o
n
(
3
.
1
)
f
o
r
t
h
e
l
o
g
-
p
e
r
i
o
d
o
g
r
a
m
r
e
g
r
e
s
s
i
o
n
e
s
t
i
m
a
t
o
r
i
n
o
u
r
p
r
e
v
i
o
u
s
p
a
p
e
r
,
G
R
S
,
t
h
e
f
a
c
t
o
r
s
￿
j
w
e
r
e
e
r
r
o
n
e
o
u
s
l
y
o
m
i
t
t
e
d
i
n
t
h
e
n
u
m
e
r
a
t
o
r
s
u
m
d
u
e
t
o
a
t
y
p
o
g
r
a
p
h
i
c
a
l
e
r
r
o
r
.
)
H
e
r
e
m
i
s
a
b
a
n
d
w
i
d
t
h
n
u
m
b
e
r
,
i
n
d
i
c
a
t
i
n
g
t
h
e
g
r
e
a
t
e
s
t
f
r
e
q
u
e
n
c
y
e
m
p
l
o
y
e
d
,
a
n
d
l
<
m
i
s
a
t
r
i
m
m
i
n
g
n
u
m
b
e
r
,
l
+
2
b
e
i
n
g
t
h
e
n
u
m
b
e
r
o
f
l
o
w
f
r
e
q
u
e
n
c
i
e
s
d
i
s
c
a
r
d
e
d
.
R
o
b
i
n
s
o
n
(
1
9
9
5
a
)
a
n
d
G
R
S
h
a
v
e
u
s
e
d
t
h
e
e
s
t
i
m
a
t
o
r
w
i
t
h
t
h
e
u
n
t
a
p
e
r
e
d
D
F
T
,
w
(
￿
)
=
(
1
2
￿
n
)
1
=
2
n
X
t
=
1
X
t
e
i
t
￿
i
n
p
l
a
c
e
o
f
w
h
(
￿
)
,
s
o
t
h
a
t
h
t
￿
1
,
a
n
d
w
i
t
h
t
h
e
s
u
m
m
a
t
i
o
n
o
v
e
r
a
l
l
j
2
[
l
+
1
;
m
]
i
n
(
3
.
3
)
.
T
h
e
e
s
t
i
m
a
t
o
r
(
3
.
3
)
,
w
h
i
c
h
t
a
p
e
r
s
t
h
e
m
o
d
i
￿
e
d
G
P
H
e
s
t
i
m
a
t
o
r
o
f
R
o
b
i
n
s
o
n
(
1
9
9
5
a
)
,
w
a
s
p
r
o
p
o
s
e
d
b
y
V
e
l
a
s
c
o
(
1
9
9
8
a
,
b
)
,
f
o
r
a
d
i
￿
e
r
e
n
t
p
u
r
p
o
s
e
.
T
h
e
m
o
t
i
v
a
t
i
o
n
f
o
r
t
h
e
t
r
i
m
m
i
n
g
i
n
(
3
.
3
)
i
s
t
o
p
r
o
d
u
c
e
s
u
￿
c
i
e
n
t
l
y
s
m
a
l
l
a
u
t
o
c
o
r
r
e
l
a
t
i
o
n
b
e
t
w
e
e
n
t
h
e
w
h
(
￿
j
)
a
n
d
w
h
(
￿
k
)
,
f
o
r
j
6
=
k
,
(
s
e
e
L
e
m
m
a
3
.
1
)
s
o
a
s
t
o
e
n
a
b
l
e
a
n
e
x
p
o
n
e
n
t
i
a
l
i
n
e
q
u
a
l
i
t
y
f
o
r
^
￿
m
(
s
e
e
L
e
m
m
a
3
.
2
)
.
T
h
e
m
o
t
i
v
a
t
i
o
n
f
o
r
o
m
i
t
t
i
n
g
a
b
o
u
t
2
=
3
o
f
t
h
e
f
r
e
q
u
e
n
c
i
e
s
￿
j
b
e
t
w
e
e
n
￿
l
a
n
d
￿
m
i
s
s
u
g
g
e
s
t
e
d
b
y
t
h
e
i
d
e
n
t
i
t
y
w
h
(
￿
j
)
=
￿
1
p
6
f
w
(
￿
j
￿
1
)
￿
2
w
(
￿
j
)
+
w
(
￿
j
+
1
)
g
;
2
￿
j
￿
n
￿
2
;
(
3
.
4
)
i
n
d
i
c
a
t
i
n
g
n
o
n
-
n
e
g
l
i
g
i
b
l
e
c
o
r
r
e
l
a
t
i
o
n
b
e
t
w
e
e
n
w
h
(
￿
j
)
a
n
d
w
h
(
￿
k
)
,
j
j
￿
k
j
￿
2
.
T
h
e
b
a
s
i
c
m
o
t
i
v
a
t
i
o
n
f
o
r
a
n
e
s
t
i
m
a
t
o
r
o
f
t
y
p
e
(
3
.
3
)
,
a
s
i
n
G
P
H
,
R
o
b
i
n
s
o
n
(
1
9
9
5
a
)
a
n
d
G
R
S
,
c
o
m
e
s
f
r
o
m
a
p
p
r
o
x
i
m
a
t
i
n
g
t
h
e
l
o
g
a
r
i
t
h
m
o
f
(
1
.
1
)
,
a
n
d
l
e
a
s
t
s
q
u
a
r
e
s
r
e
g
r
e
s
s
i
o
n
o
f
l
o
g
p
e
r
i
o
d
o
g
r
a
m
o
r
d
i
n
a
t
e
s
o
n
l
o
g
f
r
e
q
u
e
n
c
i
e
s
.
T
h
i
s
w
o
r
k
s
i
n
t
h
e
e
s
t
i
m
a
t
o
r
s
o
f
G
P
H
,
R
o
b
i
n
s
o
n
(
1
9
9
5
a
)
a
n
d
G
R
S
d
u
e
t
o
t
h
e
a
p
p
r
o
x
i
m
a
t
e
i
n
d
e
p
e
n
d
e
n
c
e
o
f
t
h
e
w
(
￿
j
)
,
b
u
t
t
h
i
s
p
r
o
p
e
r
t
y
i
s
o
n
l
y
a
c
h
i
e
v
e
d
f
o
r
t
h
e
w
h
(
￿
j
)
b
y
t
h
e
o
m
i
s
s
i
o
n
o
f
f
r
e
q
u
e
n
c
i
e
s
(
t
h
o
u
g
h
o
f
c
o
u
r
s
e
(
3
.
4
)
i
m
p
l
i
e
s
t
h
a
t
i
n
f
a
c
t
a
l
l
t
h
e
w
(
￿
j
)
,
j
=
1
;
:
:
:
;
m
a
r
e
u
s
e
d
i
n
(
3
.
3
)
)
.
A
d
i
s
a
d
v
a
n
t
a
g
e
o
f
t
h
i
s
d
e
v
i
c
e
i
s
t
h
a
t
,
f
o
r
g
i
v
e
n
m
,
t
h
e
v
a
r
i
a
n
c
e
o
f
t
h
e
e
s
t
i
m
a
t
e
^
￿
m
i
s
a
p
p
r
o
x
i
m
a
t
e
l
y
t
r
i
p
l
e
d
.
T
h
i
s
c
o
u
l
d
b
e
a
l
l
e
v
i
a
t
e
d
(
b
u
t
n
o
t
c
o
m
p
l
e
t
e
l
y
c
o
r
r
e
c
t
e
d
)
b
y
t
h
e
p
o
o
l
i
n
g
m
e
t
h
o
d
e
m
p
l
o
y
e
d
i
n
R
o
b
i
n
s
o
n
(
1
9
9
5
a
)
.
5O
n
e
d
e
s
i
r
a
b
l
e
f
e
a
t
u
r
e
w
h
i
c
h
^
￿
m
p
r
e
s
e
r
v
e
s
i
s
i
n
v
a
r
i
a
n
c
e
t
o
l
o
c
a
t
i
o
n
-
s
h
i
f
t
i
n
t
h
e
X
t
,
d
u
e
t
o
(
3
.
4
)
a
n
d
t
h
e
l
o
c
a
t
i
o
n
-
i
n
v
a
r
i
a
n
c
e
o
f
t
h
e
w
(
￿
j
)
,
1
￿
j
￿
n
￿
1
;
t
h
u
s
n
o
m
e
a
n
c
o
r
r
e
c
t
i
o
n
i
s
r
e
q
u
i
r
e
d
,
i
r
r
e
s
p
e
c
t
i
v
e
o
f
w
h
e
t
h
e
r
o
r
n
o
t
￿
i
s
k
n
o
w
n
.
T
h
e
n
o
t
a
t
i
o
n
^
￿
m
s
t
r
e
s
s
e
s
t
h
e
i
m
p
o
r
t
a
n
c
e
o
f
t
h
e
c
h
o
i
c
e
o
f
b
a
n
d
w
i
d
t
h
m
.
F
o
r
g
i
v
e
n
￿
(
s
u
c
h
a
s
￿
=
2
)
i
t
i
s
p
o
s
s
i
b
l
e
,
a
s
i
n
H
u
r
v
i
c
h
,
D
e
o
a
n
d
B
r
o
d
s
k
y
(
1
9
9
7
)
,
a
n
d
i
n
c
o
m
m
o
n
w
i
t
h
m
a
n
y
o
t
h
e
r
p
r
o
b
l
e
m
s
o
f
n
o
n
p
a
r
a
m
e
t
r
i
c
s
m
o
o
t
h
i
n
g
,
t
o
m
i
n
i
m
i
z
e
t
h
e
m
e
a
n
s
q
u
a
r
e
e
r
r
o
r
E
f
f
^
￿
m
￿
￿
g
2
b
y
(
c
f
.
L
e
m
m
a
4
.
3
b
e
l
o
w
)
m
=
K
(
￿
;
￿
)
n
2
r
(
￿
)
;
(
3
.
5
)
w
h
e
r
e
K
(
￿
;
￿
)
d
e
p
e
n
d
s
n
o
t
o
n
l
y
o
n
￿
a
n
d
￿
b
u
t
a
l
s
o
,
f
o
r
i
n
t
e
g
e
r
￿
,
o
n
t
h
e
￿
-
t
h
d
e
r
i
v
a
t
i
v
e
o
f
L
(
￿
)
a
t
￿
=
0
,
a
n
d
f
o
r
n
o
n
i
n
t
e
g
e
r
￿
o
n
a
n
a
n
a
l
o
g
o
u
s
q
u
a
n
t
i
t
y
.
F
o
r
g
i
v
e
n
￿
i
t
m
a
y
b
e
p
o
s
s
i
b
l
e
t
o
c
o
n
s
i
s
t
e
n
t
l
y
e
s
t
i
m
a
t
e
K
i
n
(
3
.
5
)
b
y
s
o
m
e
p
l
u
g
-
i
n
m
e
t
h
o
d
o
r
c
r
o
s
s
-
v
a
l
i
d
a
t
i
o
n
.
I
n
t
h
i
s
p
a
p
e
r
w
e
w
i
s
h
t
o
a
d
a
p
t
t
o
u
n
k
n
o
w
n
￿
>
0
s
o
a
s
t
o
c
o
n
s
t
r
u
c
t
a
n
e
s
t
i
m
a
t
e
w
h
i
c
h
i
s
(
a
s
n
e
a
r
l
y
a
s
p
o
s
s
i
b
l
e
)
a
d
a
p
t
i
v
e
r
a
t
e
-
o
p
t
i
m
a
l
.
T
h
e
i
d
e
a
o
f
t
h
e
m
e
t
h
o
d
w
e
e
m
p
l
o
y
i
s
d
u
e
t
o
L
e
p
s
k
i
i
(
1
9
9
0
)
(
s
e
e
a
l
s
o
L
e
p
s
k
i
i
,
e
t
a
l
.
,
1
9
9
7
)
w
h
o
d
e
v
e
l
o
p
e
d
i
t
i
n
a
d
i
￿
e
r
e
n
t
c
o
n
t
e
x
t
.
G
i
v
e
n
t
h
a
t
￿
i
n
F
(
￿
)
i
s
u
n
k
n
o
w
n
,
l
e
t
￿
￿
￿
￿
b
e
a
n
y
a
d
m
i
s
s
i
b
l
e
v
a
l
u
e
,
a
n
d
s
e
t
m
(
￿
)
=
n
2
r
(
￿
)
(
l
o
g
n
)
2
2
￿
+
1
￿
n
2
￿
2
￿
+
1
(
l
o
g
n
)
2
2
￿
+
1
:
(
3
.
6
)
D
e
n
o
t
e
^
￿
(
￿
)
=
^
￿
m
(
￿
)
,
w
h
e
r
e
^
￿
m
i
s
d
e
￿
n
e
d
i
n
(
3
.
3
)
.
L
e
t
h
=
1
=
l
o
g
n
a
n
d
B
h
b
e
t
h
e
h
-
n
e
t
o
f
t
h
e
i
n
t
e
r
v
a
l
[
0
;
￿
￿
]
B
h
=
f
￿
￿
0
:
￿
=
￿
￿
￿
k
h
;
k
=
0
;
1
;
2
;
:
:
:
g
:
D
e
￿
n
e
^
￿
=
s
u
p
f
￿
2
B
h
:
j
^
￿
(
￿
0
)
￿
^
￿
(
￿
)
j
￿
m
￿
1
=
2
(
￿
0
)
d
(
￿
0
)
;
f
o
r
a
n
y
￿
0
￿
￿
;
￿
0
2
B
h
g
;
(
3
.
7
)
w
h
e
r
e
d
(
￿
0
)
=
4
k
0
(
2
￿
0
+
1
)
2
;
(
3
.
8
)
a
n
d
k
0
=
(
￿
￿
￿
￿
0
)
=
h
,
t
h
e
r
e
b
y
d
e
￿
n
i
n
g
^
￿
(
^
￿
)
.
O
u
r
p
r
o
o
f
s
o
f
T
h
e
o
r
e
m
3
.
1
a
n
d
L
e
m
m
a
s
3
.
2
a
n
d
4
.
3
r
e
q
u
i
r
e
a
n
a
s
s
u
m
p
t
i
o
n
t
h
a
t
t
h
e
p
a
r
a
m
e
t
e
r
￿
i
s
b
o
u
n
d
e
d
a
w
a
y
f
r
o
m
0
,
i
.
e
.
t
h
a
t
￿
￿
￿
￿
f
o
r
s
o
m
e
￿
￿
>
0
.
W
e
a
l
s
o
a
s
s
u
m
e
t
h
a
t
t
h
e
n
u
m
b
e
r
o
f
l
o
w
t
r
i
m
m
e
d
f
r
e
q
u
e
n
c
i
e
s
l
s
a
t
i
s
￿
e
s
t
h
e
c
o
n
d
i
t
i
o
n
l
￿
l
￿
;
l
=
o
(
m
(
l
o
g
m
)
3
)
;
a
s
m
!
1
;
(
3
.
9
)
w
h
e
r
e
t
h
e
c
o
n
s
t
a
n
t
l
￿
=
l
￿
(
￿
￿
;
￿
￿
;
C
1
;
C
2
;
￿
)
d
o
e
s
n
o
t
d
e
p
e
n
d
o
n
n
,
b
u
t
m
u
s
t
b
e
c
h
o
s
e
n
s
u
￿
c
i
e
n
t
l
y
l
a
r
g
e
.
T
h
u
s
t
h
e
p
r
o
p
o
r
t
i
o
n
o
f
t
r
i
m
m
e
d
f
r
e
q
u
e
n
c
i
e
s
o
n
(
0
;
m
]
i
s
n
e
g
l
i
g
i
b
l
e
.
T
h
e
m
i
l
d
n
e
s
s
o
f
(
3
.
9
)
i
s
d
u
e
t
o
t
h
e
p
a
r
t
i
c
u
l
a
r
t
a
p
e
r
(
3
.
2
)
u
s
e
d
;
T
h
e
o
r
e
m
3
.
1
c
o
u
l
d
b
e
e
s
t
a
b
l
i
s
h
e
d
f
o
r
t
a
p
e
r
s
w
h
i
c
h
e
n
t
a
i
l
l
e
s
s
s
m
o
o
t
h
n
e
s
s
a
t
t
h
e
e
n
d
-
p
o
i
n
t
s
o
f
t
h
e
s
e
q
u
e
n
c
e
f
h
t
g
a
n
d
c
o
r
r
e
s
p
o
n
d
i
n
g
l
y
a
s
l
o
w
e
r
r
a
t
e
o
f
d
e
c
a
y
o
f
i
t
s
d
i
s
c
r
e
t
e
F
o
u
r
i
e
r
t
r
a
n
s
f
o
r
m
s
a
t
c
o
s
t
o
f
a
s
t
r
o
n
g
e
r
c
o
n
d
i
t
i
o
n
o
n
l
.
N
o
t
e
t
h
a
t
(
3
.
9
)
i
s
o
n
l
y
a
s
u
￿
c
i
e
n
t
c
o
n
d
i
t
i
o
n
.
A
s
i
s
c
o
m
m
o
n
w
h
e
n
t
r
i
m
m
i
n
g
n
u
m
b
e
r
s
a
r
e
i
n
t
r
o
d
u
c
e
d
f
o
r
t
e
c
h
n
i
c
a
l
r
e
a
s
o
n
s
,
t
h
e
r
e
s
e
e
m
s
n
o
r
e
a
s
o
n
a
b
l
y
p
r
e
c
i
s
e
t
h
e
o
r
e
t
i
c
a
l
g
u
i
d
e
f
o
r
t
h
e
c
h
o
i
c
e
o
f
l
i
n
p
r
a
c
t
i
c
e
.
T
h
e
o
r
e
m
3
.
1
U
n
d
e
r
a
s
s
u
m
p
t
i
o
n
(
3
.
9
)
,
u
n
i
f
o
r
m
l
y
i
n
￿
2
[
￿
￿
;
￿
￿
]
,
w
h
e
r
e
￿
￿
>
0
,
t
h
e
s
e
q
u
e
n
c
e
f
￿
￿
n
(
￿
)
=
(
l
o
g
n
)
2
=
n
)
r
(
￿
)
g
g
i
v
e
s
a
n
u
p
p
e
r
b
o
u
n
d
t
o
t
h
e
a
s
y
m
p
t
o
t
i
c
m
i
n
i
m
a
x
r
i
s
k
f
o
r
t
h
e
c
l
a
s
s
F
(
￿
)
=
F
(
￿
;
C
1
;
C
2
;
￿
)
,
w
i
t
h
t
h
e
e
s
t
i
m
a
t
o
r
^
￿
(
^
￿
)
,
d
e
￿
n
e
d
f
o
l
l
o
w
i
n
g
(
3
.
6
)
-
(
3
.
8
)
;
t
h
a
t
i
s
,
f
o
r
s
o
m
e
￿
C
<
1
l
i
m
s
u
p
n
!
1
s
u
p
￿
￿
￿
￿
￿
￿
￿
2
n
(
￿
)
R
n
(
^
￿
(
^
￿
)
;
F
(
￿
)
)
￿
C
:
(
3
.
1
0
)
6T
h
e
o
r
e
m
3
.
1
s
h
o
w
s
t
h
a
t
t
h
e
r
e
e
x
i
s
t
s
a
n
e
s
t
i
m
a
t
o
r
w
i
t
h
t
h
e
r
a
t
e
o
f
c
o
n
v
e
r
g
e
n
c
e
(
l
o
g
2
n
=
n
)
￿
=
(
2
￿
+
1
)
f
o
r
a
l
l
c
l
a
s
s
e
s
F
(
￿
)
,
0
<
￿
￿
￿
￿
￿
￿
￿
.
I
f
t
h
i
s
r
a
t
e
w
e
r
e
e
q
u
a
l
t
o
t
h
e
r
a
t
e
￿
n
(
￿
)
i
n
t
h
e
l
o
w
e
r
b
o
u
n
d
(
2
.
1
)
f
o
r
a
l
l
￿
￿
￿
￿
￿
￿
￿
,
t
h
e
n
t
h
i
s
c
o
m
m
o
n
s
e
q
u
e
n
c
e
c
o
u
l
d
h
a
v
e
b
e
e
n
c
a
l
l
e
d
a
n
o
p
t
i
m
a
l
a
d
a
p
t
i
v
e
r
a
t
e
,
a
n
d
^
￿
(
^
￿
)
c
o
u
l
d
b
e
r
e
f
e
r
r
e
d
t
o
a
s
a
n
a
d
a
p
t
i
v
e
r
a
t
e
-
o
p
t
i
m
a
l
e
s
t
i
m
a
t
o
r
.
T
h
e
p
r
e
s
e
n
t
r
e
s
u
l
t
s
s
h
o
w
t
h
a
t
t
h
e
t
h
e
o
p
t
i
m
a
l
a
t
t
a
i
n
a
b
l
e
r
a
t
e
o
f
c
o
n
v
e
r
g
e
n
c
e
i
s
b
e
t
w
e
e
n
(
l
o
g
n
=
n
)
￿
=
(
2
￿
+
1
)
a
n
d
(
l
o
g
2
n
=
n
)
￿
=
(
2
￿
+
1
)
;
i
.
e
.
w
e
h
a
v
e
d
e
t
e
r
m
i
n
e
d
i
t
u
p
t
o
l
o
g
a
r
i
t
h
m
i
c
a
l
f
a
c
t
o
r
.
T
h
e
o
p
t
i
m
a
l
a
t
t
a
i
n
a
b
l
e
a
d
a
p
t
i
v
e
r
a
t
e
r
e
m
a
i
n
s
t
o
b
e
d
e
t
e
r
m
i
n
e
d
.
N
o
t
i
c
e
t
h
a
t
T
h
e
o
r
e
m
3
.
1
w
o
u
l
d
c
o
n
t
i
n
u
e
t
o
h
o
l
d
i
f
a
n
a
r
b
i
t
r
a
r
y
p
o
s
i
t
i
v
e
f
a
c
t
o
r
K
w
e
r
e
i
n
s
e
r
t
e
d
i
n
(
3
.
6
)
(
c
f
.
(
3
.
5
)
)
,
a
n
d
a
r
b
i
t
r
a
r
i
n
e
s
s
i
n
K
i
s
t
h
e
n
e
q
u
i
v
a
l
e
n
t
t
o
a
r
b
i
t
r
a
r
i
n
e
s
s
i
n
m
.
T
h
u
s
m
(
^
￿
)
i
s
n
o
t
a
n
o
p
t
i
m
a
l
b
a
n
d
w
i
d
t
h
w
i
t
h
u
n
k
n
o
w
n
￿
t
o
t
h
e
e
x
t
e
n
t
t
h
a
t
(
3
.
5
)
c
a
n
b
e
w
i
t
h
k
n
o
w
n
￿
,
a
n
d
w
e
a
r
e
c
o
n
c
e
r
n
e
d
h
e
r
e
o
n
l
y
w
i
t
h
s
h
o
w
i
n
g
t
h
e
e
x
i
s
t
e
n
c
e
o
f
a
n
e
s
t
i
m
a
t
o
r
w
h
i
c
h
a
l
m
o
s
t
a
c
h
i
e
v
e
s
a
n
o
p
t
i
m
a
l
a
d
a
p
t
i
v
e
r
a
t
e
o
f
c
o
n
v
e
r
g
e
n
c
e
,
t
h
o
u
g
h
t
h
i
s
a
s
p
e
c
t
i
s
o
f
u
p
p
e
r
m
o
s
t
i
m
p
o
r
t
a
n
c
e
f
o
r
s
u
￿
c
i
e
n
t
l
y
l
a
r
g
e
n
.
N
o
t
e
t
h
a
t
m
i
n
(
3
.
5
)
i
n
c
r
e
a
s
e
s
m
o
r
e
s
l
o
w
l
y
t
h
a
n
m
(
￿
)
i
n
(
3
.
6
)
,
s
o
t
h
a
t
E
f
(
^
￿
(
￿
)
￿
￿
)
2
=
O
(
n
￿
2
r
(
￿
)
)
d
e
c
a
y
s
f
a
s
t
e
r
t
h
a
n
￿
￿
n
2
(
￿
)
.
S
i
n
c
e
￿
￿
n
(
￿
1
)
￿
￿
￿
n
(
￿
2
)
f
o
r
￿
1
<
￿
2
,
i
t
i
s
t
h
e
l
a
r
g
e
s
t
￿
s
u
c
h
t
h
a
t
f
2
F
(
￿
)
w
h
i
c
h
d
e
t
e
r
m
i
n
e
s
t
h
e
r
a
t
e
o
f
c
o
n
v
e
r
g
e
n
c
e
o
f
^
￿
(
^
￿
)
f
o
r
g
i
v
e
n
f
.
T
h
e
g
r
i
d
h
i
s
s
u
￿
c
i
e
n
t
l
y
￿
n
e
f
o
r
o
u
r
p
u
r
p
o
s
e
s
i
n
t
h
a
t
m
(
￿
)
i
s
i
n
s
e
n
s
i
t
i
v
e
,
f
o
r
l
a
r
g
e
n
,
t
o
O
(
1
=
l
o
g
n
)
s
h
i
f
t
s
i
n
￿
.
N
o
t
e
t
h
a
t
^
￿
,
a
n
d
t
h
u
s
^
￿
(
^
￿
)
,
c
a
n
b
e
s
e
n
s
i
t
i
v
e
t
o
t
h
e
u
p
p
e
r
b
o
u
n
d
￿
￿
o
n
t
h
e
a
d
m
i
s
s
i
b
l
e
s
e
t
B
h
.
I
n
v
i
e
w
o
f
o
u
r
e
a
r
l
i
e
r
r
e
m
a
r
k
s
f
o
l
l
o
w
i
n
g
(
1
.
2
)
,
a
r
e
a
s
o
n
a
b
l
e
c
h
o
i
c
e
i
n
m
a
n
y
c
i
r
c
u
m
s
t
a
n
c
e
s
i
s
￿
￿
=
2
.
O
f
c
o
u
r
s
e
t
h
e
o
u
t
c
o
m
e
^
￿
=
￿
￿
c
o
u
l
d
i
n
d
i
c
a
t
e
t
h
a
t
a
l
a
r
g
e
r
￿
￿
s
h
o
u
l
d
h
a
v
e
b
e
e
n
e
m
p
l
o
y
e
d
.
S
i
n
c
e
o
u
r
g
o
a
l
i
s
t
o
s
h
o
w
t
h
e
e
x
i
s
t
e
n
c
e
o
f
a
n
e
s
t
i
m
a
t
o
r
w
h
i
c
h
a
c
h
i
e
v
e
s
n
e
a
r
l
y
o
p
t
i
m
a
l
r
a
t
e
o
f
c
o
n
v
e
r
g
e
n
c
e
,
w
e
r
e
s
t
r
i
c
t
o
u
r
s
e
l
v
e
s
t
o
t
h
e
l
o
g
-
p
e
r
i
o
d
o
g
r
a
m
r
e
g
r
e
s
s
i
o
n
e
s
t
i
m
a
t
o
r
(
3
.
3
)
.
W
e
e
x
p
e
c
t
t
h
a
t
R
o
b
i
n
s
o
n
’
s
(
1
9
9
5
b
)
n
a
r
r
o
w
b
a
n
d
G
a
u
s
s
i
a
n
o
r
W
h
i
t
t
l
e
e
s
t
i
m
a
t
o
r
,
a
l
s
o
a
c
h
i
e
v
e
s
t
h
e
n
e
a
r
l
y
o
p
t
i
m
a
l
r
a
t
e
o
f
c
o
n
v
e
r
g
e
n
c
e
;
i
t
h
a
s
t
h
e
s
a
m
e
r
a
t
e
o
f
c
o
n
v
e
r
g
e
n
c
e
a
s
t
h
e
l
o
g
-
p
e
r
i
o
d
o
g
r
a
m
e
s
t
i
m
a
t
o
r
f
o
r
t
h
e
s
a
m
e
b
a
n
d
w
i
d
t
h
s
e
q
u
e
n
c
e
.
T
h
e
i
n
v
e
s
t
i
g
a
t
i
o
n
o
f
t
h
i
s
e
s
t
i
m
a
t
o
r
i
s
o
f
i
n
t
e
r
e
s
t
,
b
e
a
r
i
n
g
i
n
m
i
n
d
i
t
s
n
i
c
e
s
t
a
t
i
s
t
i
c
a
l
p
r
o
p
e
r
t
i
e
s
a
n
d
i
t
s
m
u
l
t
i
v
a
r
i
a
t
e
e
x
t
e
n
s
i
o
n
d
e
v
e
l
o
p
e
d
b
y
L
o
b
a
t
o
(
1
9
9
8
)
.
A
n
i
n
t
e
r
e
s
t
i
n
g
o
p
e
n
q
u
e
s
t
i
o
n
i
s
w
h
e
t
h
e
r
u
s
i
n
g
d
a
t
a
t
a
p
e
r
s
a
s
i
n
V
e
l
a
s
c
o
(
1
9
9
8
a
,
b
)
,
t
h
e
m
e
m
o
r
y
p
a
r
a
m
e
t
e
r
r
a
n
g
e
(
-
1
,
1
)
c
a
n
b
e
e
x
t
e
n
d
e
d
t
o
(
-
1
,
2
)
,
t
o
c
o
v
e
r
s
o
m
e
n
o
n
s
t
a
t
i
o
n
a
r
y
p
r
o
c
e
s
s
e
s
.
T
h
e
p
r
o
o
f
o
f
T
h
e
o
r
e
m
3
.
1
e
m
p
l
o
y
s
t
w
o
l
e
m
m
a
s
,
p
r
o
o
f
s
o
f
w
h
i
c
h
a
r
e
l
e
f
t
t
o
S
e
c
t
i
o
n
5
.
T
h
e
￿
r
s
t
d
e
s
c
r
i
b
e
s
t
h
e
c
o
v
a
r
i
a
n
c
e
p
r
o
p
e
r
t
i
e
s
o
f
t
h
e
n
o
r
m
a
l
i
s
e
d
t
a
p
e
r
e
d
D
F
T
v
h
(
￿
)
=
w
h
(
￿
)
(
c
j
￿
j
￿
￿
)
1
=
2
:
L
e
m
m
a
3
.
1
F
o
r
a
n
y
j
=
j
n
;
k
=
k
n
,
s
u
c
h
t
h
a
t
l
￿
k
￿
j
￿
3
a
n
d
j
￿
n
=
2
,
(
a
)
E
f
v
h
(
￿
j
)
v
h
(
￿
j
)
=
1
+
O
(
j
j
n
j
￿
+
1
j
2
)
;
(
b
)
E
f
v
h
(
￿
j
)
v
h
(
￿
j
)
=
O
(
1
j
3
)
;
(
c
)
E
f
v
h
(
￿
j
)
v
h
(
￿
k
)
=
O
(
j
j
n
j
￿
1
j
j
￿
k
j
2
+
1
k
j
j
￿
k
j
2
(
j
k
)
j
￿
j
=
2
)
;
(
d
)
E
f
v
h
(
￿
j
)
v
h
(
￿
k
)
=
O
(
j
j
n
j
￿
1
j
j
￿
k
j
2
+
1
k
j
j
￿
k
j
2
(
j
k
)
j
￿
j
=
2
)
;
u
n
i
f
o
r
m
l
y
i
n
f
2
F
(
￿
;
C
1
;
C
2
;
￿
)
,
0
<
￿
￿
￿
￿
.
R
e
m
a
r
k
3
.
1
T
h
e
o
r
e
m
s
2
.
1
-
3
.
1
a
n
d
L
e
m
m
a
s
3
.
1
-
3
.
2
,
4
.
1
-
4
.
3
r
e
m
a
i
n
v
a
l
i
d
a
f
t
e
r
r
e
p
l
a
c
i
n
g
F
(
￿
)
i
n
(
1
.
2
)
w
i
t
h
a
c
l
a
s
s
F
￿
(
￿
)
w
i
t
h
t
h
e
f
o
l
l
o
w
i
n
g
‘
l
o
c
a
l
i
z
e
d
’
d
e
￿
n
i
t
i
o
n
:
F
￿
(
￿
)
=
F
￿
(
￿
;
C
0
;
C
1
;
C
2
;
￿
;
￿
0
)
=
f
f
:
f
(
￿
)
=
c
j
￿
j
￿
￿
(
1
+
￿
(
￿
)
)
;
C
0
<
c
￿
C
1
;
￿
1
<
￿
<
1
￿
￿
;
j
￿
(
￿
)
j
￿
C
2
j
￿
j
￿
;
f
o
r
j
￿
j
￿
￿
0
)
g
;
w
h
e
r
e
t
h
e
c
o
n
s
t
a
n
t
s
0
<
C
0
;
C
1
;
C
2
<
1
a
n
d
￿
2
(
0
;
1
)
a
r
e
i
n
d
e
p
e
n
d
e
n
t
o
f
￿
,
a
n
d
￿
0
>
0
.
C
l
a
s
s
F
￿
(
￿
)
d
o
e
s
n
o
t
c
o
n
t
a
i
n
a
n
y
r
e
s
t
r
i
c
t
i
o
n
o
n
s
p
e
c
t
r
a
l
d
e
n
s
i
t
i
e
s
f
2
F
￿
(
￿
)
f
o
r
‘
h
i
g
h
’
f
r
e
q
u
e
n
c
i
e
s
￿
2
[
￿
0
;
￿
]
.
7T
h
e
o
n
l
y
c
h
a
n
g
e
i
n
t
h
i
s
c
a
s
e
w
i
l
l
b
e
a
n
a
d
d
i
t
i
o
n
a
l
a
s
s
u
m
p
t
i
o
n
i
n
L
e
m
m
a
3
.
1
t
h
a
t
t
h
e
f
r
e
q
u
e
n
c
i
e
s
￿
k
;
￿
j
s
a
t
i
s
f
y
t
h
e
c
o
n
d
i
t
i
o
n
l
￿
k
￿
j
￿
3
￿
m
,
m
=
o
(
n
)
.
L
e
t
A
m
=
￿
￿
I
2
p
=
2
,
w
h
e
r
e
I
2
p
i
s
2
p
￿
2
p
i
d
e
n
t
i
t
y
m
a
t
r
i
x
(
p
=
[
(
m
￿
l
)
=
3
]
)
a
n
d
￿
i
s
t
h
e
c
o
v
a
r
i
a
n
c
e
m
a
t
r
i
x
o
f
r
e
a
l
a
n
d
i
m
a
g
i
n
a
r
y
p
a
r
t
s
o
f
t
h
e
v
h
(
￿
j
)
,
j
2
I
(
m
)
.
D
e
n
o
t
e
b
y
j
j
X
j
j
t
h
e
E
u
c
l
i
d
e
a
n
n
o
r
m
o
f
t
h
e
m
a
t
r
i
x
X
,
j
j
X
j
j
=
f
t
r
(
X
0
X
)
g
1
=
2
.
L
e
m
m
a
3
.
2
U
n
d
e
r
(
3
.
9
)
,
t
h
e
r
e
e
x
i
s
t
c
1
;
c
2
2
(
0
;
1
)
s
u
c
h
t
h
a
t
f
o
r
a
l
l
s
u
￿
c
i
e
n
t
l
y
l
a
r
g
e
n
,
a
n
d
m
=
o
(
n
)
E
f
e
x
p
f
p
m
j
^
￿
m
￿
￿
(
f
)
j
g
￿
c
1
e
x
p
(
c
2
j
j
A
m
j
j
2
)
(
3
.
1
1
)
u
n
i
f
o
r
m
l
y
i
n
f
2
F
(
￿
;
C
1
;
C
2
;
￿
)
,
￿
￿
￿
￿
￿
￿
￿
f
o
r
a
n
y
0
<
￿
￿
￿
￿
￿
.
P
r
o
o
f
o
f
T
h
e
o
r
e
m
3
.
1
:
T
h
e
p
r
o
o
f
m
a
k
e
s
u
s
e
o
f
i
d
e
a
s
o
f
L
e
p
s
k
i
i
(
1
9
9
0
)
,
L
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p
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￿
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￿
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.
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